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PHOSPHORUS  FILUVOS  P-'R  .TJMIXIONS 


Progress  Report  on  Work  Porforr-d  la  tha  Period  July  1  to 


Saptemoer  30,  1947,  usder  Contract  ^-13-03S-CiTS-I318 


S01MARI 


Investigations  of  the  proport  Vis  of  various  fillings  m  which 
granules  of  phosphorus  cu*e  o creator  with  a  fluid  binder  that  subsequently 
•eta  in  chi  munition  to  form  a  solid  filling  have  indicated  thatnLaster 
of  jjaris,  Duraloa,  and  Ihiokol  If -2  a, -a  the  most  promising  of  the  various 
experimental  binders.  These  hi  adorn  -..ill  bo  used  exclusively  in  irocmdiata 
.further  study  of  fillings  based  upon  lulated  ptoafiptaMs.*^ 


rf  litwie-  offset  oaH 


Sfhe  present  method  of  ceacuring  the  thermal  instability  of  tha 
fillings  by  determination  of  the  unbalance  of  a  filled  munition  after 
storage  on  its  sido  under  desert  condition*  appears  to  be  satisfactory.  ^ -A— 
panduluat  type  tatanow  vrtM  tsr-cqggtrtratsTTMt-  the  toagitediaafr  wfttft-  .-^.bhe 
oentar  nCgrawi*yoftt>aflUiagsTas  ww-ll-ee  the  lateral  ohifb,  wil^-dSe 
determined.  Tbs  thermal  stability  of  tho  fillings  will  be  teafcnd"in  glass 
containers,  as  well  as  in  MIS  grenades,  *tth  ths_ahje«til«^ofproviding  a 
visual  check  on  the  movement.. of  the  scrip  one  nts  of  tha  various  fillings  upon 
exposure  to  abnormally"  high  storage  tempi  rat  ures. 

C  P 

Fillings  composed  of  mixtures  of  red  and  whit*  phasphaswe, 
particularly  mixtures  that  result,  from  substantially  oomplete  eoararsiom 
of  white  ptaaspMMS  to  massive  red  pfcespEamiu  within  the  munition,  appear 
to  bo  very  promising.  Method  a  of  conversion  of  white  to  red  phosphorus  will 
be  studied ,  both  at  aSftJtrolled  (atmospheric  and  superatmospherio)  pressures 
and  in  sealed  muait  icjruu  in  which  a  maximum  pressure  of  830  pounds  per  squara 
inch  and  p  maximum  temperature  of  590*  C.  are  to  be  expected. 

Because  of  the  difficulty  experienced  in  an  objective  evaluation 
of  tho  smokos  produced  by  experimental  fillings  in  US  grenades,  it  is  moat 
desirable  that  4.2-inch  CM  shells  be  fillad  with  the  aarw  promising  fillings 
and  tubnitted  to  tho  Army  Chemical  Center  for  storage  and  performance  testa. 
Suoh  a  te*t  program  certainly  should  include  several  sheila  filled  with 
massive  rod  phosphorus,  prepared  in  placo  by  rapid  oo aversion  of  a  charge 
of  vftiite  i  hosphorur  in  the  scaled  munition. 


PK'JSFEGR'JS  FILLINGS  FOK  IKJNITIffit'S 


Provens  Ilaport  oa  frorl:  Performed  In  the  Period  July  I  to 
3optaxabor  30,  1947,  under  Contract  W-18-035-Cff3-I318 


In  the  3-noctb  period  covered  by  this  progreos  report,  work  was 
confiard  largely  to  those  fillings  oon^rioing  granulated  white  phosphorus 
and  various  birders  that  hAd  appeared  both  to  be  thermally  stable  and  to 
perform  satisfactorily  in  gronade  firing  tests.  A  study  of  methods  for 
the  preparation  of  fillings  containing  red  phosphorus  was  begun. 

Because  of  the  uncertainty  involvod  in  tho  prodiction  of  poo¬ 
rer  sh  nr.  e  of  a  given  filling  in  a.  larger  munition  from  the  performance  of 
tho  filling  in  M15  grenades,  a  few  4. 2-inch  CM  shells  were  filled  with  TVA 
experimental  fillinge  and  subjected  to  p&rfornanco  testa  at  Army  Chemioal 
Center.  Although  ther.e  tests  wore  carried  out  somewhat  later  than  the  period 
nominally  covered  by  this  report,  the  resulto  are  pertinent  to  the  present 
work,  end  they  are  Included  in  this  report. 


G31AJTOIATI0*  OP  .18 IK  PHOSPHOR® 


An  the  soale  of  operation  was  enlarged  and  the  need  far  granulated 
phosphorus  increased,  the  jet  granulatcr  nootiored  in  previous  progress 
reports  was  modified  to  inorease  its  capacity,  the  present  form  of  the 
apparatus  it  shorn  in  Figure  1. 

In  operation  of  the  granulator,  the  roooiver  is  u.rly  filled  with 
ioe  wat or,  aid  the  granulating  tube  is  conns otod  thereto.  Into  the  granu¬ 
lating  tube  Is  poured  200  co.  of  a  saturated  solution  of  white  phosphorus 
in  9b  per  cent  alcohol,  then  enough  loo  voter  to  raise  the  liquid  level  to 
the  point  et  which  tho  side-arm  overflow  is  attaohsd.  The  loe  bath  ie 
placed  around  the  receiver.  The  jacket  is  put  in  place  arrf  filled  with  hot 
water,  and  hot  water  it  poured  into  the  granulating  tube  to  the  level  of  the 
overflew.  The  pnoephorus  reservoir  is  tlen  inserted  into  the  granulating 
tube  at  an  elevation  that  places  the  tip  of  the  jet  Just  below  the  c  irface 
of  the  water.  Molten  phosphorus,  under  water,  is  poured  frow  a  dipper 
through  a  funnel  into  tie  phosphorus  reservoir.  The  phosphorus  flows  frow 
the  jet  as  a  rapid  stream,  whloh  promptly  breaks  Into  separate  spherules 
that  fall  through  the  oolumn  of  water  and  solidify  in  the  lower  part  of  the 
granulating  tube.  (Then  the  roooiver  is  filled  with  granulated  phosphorus, 
addition  of  phosphorus  ie  disoootinusd,  the  hot  water  .Jaoket  is  drained  and 
■  *.  and  the  granulating  tube  is  emptied  through  the  lower  drain.  The 
'*•  it  then  emptied,  and  the  procean  is  repeated. 
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Tha  .mlten  phosphorus  is  added  at  a  temperature  of  70®  to  75®  C. 

The  watar  added  to  tit-  jacL»t  da  he  tv  sen  30®  nrd  fid®  C.  Whan  tha  temperature 
of  tho  vmtor  in  the  top  of  tha  granulating  tube  fa  11a  to  about  SC®  C. ,  tho 
phosphorus  flORlr.g  through  tha  jot  forsa  strings  instead  of  spherules,  and 
tha  phosphorus  sey  3olidi fy  in  the  jet. 

The  jet  is  held  in  a  rubber  stopper  in  tho  bottom  of  tho  phosphorus 
reservoir.  Three  jets  any  bo  used  ainrnltaoscualy  in  an  apparatus  of  the  sice 
shews  in  figure  3..  Each  job,  under  a  head  of  no  1  ten  phosphorus  and  water 
that  varies  from  5  to  15  ct. ,  pass-ju  roughly  ICO  grans  of  phosphorus  per 
minute.  Since  tho  granulated  phosphorus  occupies  an  apparent  volume  of 
approximately  1  co.  per  gram,  a  2700-oc.  receiver  can  be  filled  in  about  10 
minutes  n  throe  jets  are  used. 

The  jet3  are  uado  froa  S-asn.  glass  tubing  that  is  constricted  to 
capillary  alto  and  cut  off  oquarely  at  the  coiotriction.  Jets  with  orifiaeo 
larger  tlmn  £.0  :jg.  in  diameter  pass  phosphorus  too  rapidly  for  the  formation 
of  separate  drops,  and  jots  with  orifisee  smaller  than  0.8  ton.  in  diameter 
plug  easily  and  pass  phosphorus  too  slowly  to  be  of  practical  use. 

Tho  sire  of  the  spherules  Is  proportional  roughly  to  the  else  of 
the  orifico  of  the  jst.  Because  of  tho  intermittent  feed  of  molten  phos¬ 
phorus  to  the  phosphorus  reservoir,  anl  because  of  variation  In  the  tempera¬ 
ture  of  the  rcoitea  phosphorus  end  of  tiie  water  in  the  top  -> f  the  granulating 
tuto,  tho  parti  ole  size  of  the  granules  formed  by  a  given  size  of  Jet  is 
quite  variable  in  the  present  apparatus.  Approximate  screen  analyses  of 
granule e  formed  by  three  sizes  of  jeta  are  listed  in  Tablo  Z.  The  minus  8- 
ipah  fraction  (last  column  in  table)  contains  about  17  per  cent,  by  weight, 
of  material  that  will  pass  a  16-mesh  screen. 

Tho  granulation  oould  be  made  continuous  by  addition  to  the 
receiver  of  a  tube  through  which  the  granulated  phosphorus  oould  he  removed. 
Tie  tuba  would  hive  to  oxtend  above  tho  level  of  tho  overflow,  and  pro¬ 
vision  would  have  to  be  made  for  maintaining  the  water  in  the  tube  at  the 
level  of  tho  overflow.  The  granulated  phoephorue  oould  be  lifted  to  a 
container  filled  with  water  to  the  seas  level  as  that  of  the  overflow. 

Firing  tests  of  flllingu  based  upon  granulated  white  phosphorus 

indicated  that  porforarnce  was  related  roughly  to  the  phosphorus  content 
of  tie  filling.  To  got  the  maximum  amount  of  granule  tod  phosphorus  into 

'*  upeoe,  granules  of  various  aizee  must  he  mixed.  A  mixture  of  30 

*  weigh-,  of  ,-runulntod  phosphorus  of  tho  typo  prepared  in  tho  pilot 
tn*  Ai-my  Chemloal  Center  with  75  parts  of  plus  4-ueah  granulated 
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phouphcrus  of  th;  typu  procured  by  tho  jet  sc  shod  foraed  a  niniisum-roid 
r.ixturc  vlth  ZZ  pur  cart  void  space.  ?he  void  space  ia  various  sdxturee 
of  the  three  site  freer, ionr  of  granules  tiiat  wera  separated  fron  the 
products  of  Jut  c’-urolabios.  arc  cnuwa  in  Vigure  2.  Ths  ovor-ail  experi¬ 
mental  error  ia  ib»  preta ration  of  a  given  nix'tnce  and  seasureneat  of  the 
interstitial  space  ia  t!  o  riAturo  gor.era.liy  did  not  exceed  2  per  cent. 


X  idj-  X 

Scroon  Analyses  of  Orncu  luted  Phosphorua 
rropas-oa  with  -.fats  of  'far fora  fjUunotera 
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16 
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b 

58 

57 

3 

52 

46 

Iho  rraiuulobod  phosphorua  produced  in  the  present  pilot  plant 
at  oj ju  Aj-ry  (healcal  Oti.-ter  ia  sonDWiuit  d.fficult  to  handle  because  of 
Its  projc.iicod  tendency  to  float  on  water.  Oa  the  other  hand,  the  plus 
4-resh  l’ractior  of  Jet-granuiawd  phosphorua  imparts  an  undesirable 
lunpincse  to  fillings  in  which  it  is  incorporated.  A  alxtwe  of  Jet- 
gri.nulc  ted  phoaphorua  comprising  GO  per  ernt  by  vwlght  of  sinus  4-  plus 
6-mesh  grunulcs  *.d  40  por  oert  of  minus  0-toesh  granules  has  been  adopted 
tentatively  ««•  a  :tar*l«<-d  rixturo  for  use  in  oxporinsotal  fillings.  Since 
this  raxtiTU  contains  about  37  per  cont  voids,  as  shown  in  Figure  2,  it 
suyplif  s  17  per  uoiTt  as  much  phosphorus  in  a  given  volume  as  would  be 
supplied  by  a  fixture  containing  33  per  cont  voids,  the  ap;sront  practical 
minimut:  or  void  npace  in  granulated  phosphorus. 

‘’.though  mixtures  of  granulated  phor.-hcru*  that  contain  57 
d  .  obviously  supply  only  61  per  cent  of  the  amount  at  phosphorua 
v.  ■  hup;. llod  by  tho  ssns  volume  of  neoslTv  white  phosphorus,  the 

bli'l'j  ...  .  ne  irir uUtad  phosphorus  *ffoc  ;a  ths  burning  to  tho  extent  that 
the  g-unulat*;!  phesphona  often  proiuoos  a  ncro  effective  ssreeuing  smoke 
than  dc-o.i  an  i..usl  volume  of  massive  wtltu  pnosphorue. 
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BIHDnSS  FOR  aRANUIATiD  .VHITE  PHOSPHORUS 


The  procedure  for  preparation  of  fillings  from  granulated  phos¬ 
phorus  and  charging  the  fillings  into  lilb  grenades  has  been  standardized 
os  follows: 

The  granulated  phosphorus  is  weighed  and  transferred,  under  water, 
to  a  51-ssa.  glass  tube  with  a  perforated  stainless  steel  diso  in  its  lower 
end.  The  phosphorus  is  dewatered  by  blowing  carbon  dior.ide  through  the  tube 
from  the  top.  If  removal  of  substantially  all  the  water  is  desired  because 
of  the  binder  to  be  used,  the  dewatered  phosphorus  is  washed  two  or  three 
times  with  aloohol  or  acetone,  and  carbon  dioxide  is  blown  through  the  tube 
between  washings. 

The  binder,  iz.  a  fluid  state,  is  weighed  into  a  600-co.  beaker. 

The  dewatered  phosphorus  is  dumped  into  the  beaker,  and  the  mixture  is 
stirred  with  a  spatula  and  transferred  tc  the  grenade  in  an  atmosphere  of 
carbon  dioxide.  A  short -stemmed  powder  funnel  facilitates  the  introduction 
of  the  filling  Into  the  grenade.  The  filling  is  rodded  through  the  funnel 
with  a  stirring  rod. 


Fu re  tone 

Fure  tones  are  fur  ana -typo  resine  produoed  by  the  xrvington 
Varnish  and  Insulator  Company  of  Irvington,  Hew  Jersey.  Their  resins 
5610  and  &510A6  are  thermosetting  and  my  be  set  at  room  temperature  with 
their  accelerator  5243.  Preliminary  tosta,  in  which  the  resins  were  cured 
at  room  temperature  in  air,  showed  the  Fureton*  5510  with  10  per  oent 
aocelor&tor  sat  to  a  rubbery  solid  in  24  hours  and  to  a  hard  solid  in  48 
hours.  Furotone  651045  with  S  per  oent  aooelerator  set  to  a  rubbery  solid 
in  3  days  at  40*  C.,  and  to  a  spongy,  rubbery  solid  in  about  7  days  at 
room  tenperature.  Pure  tone  661046  initially  appeared  to  be  suitable  for 
use  as  s.  binder  for  phosphorus  fillingsj  when  used  for  this  purpose, 
however,  it  set  only  to  a  semifluid  rubbery  material  with  a  cohesion 
earksdly  greater  than  lte  adhesion.  Puretona  5510  me  too  visoous  for 
use  as  a  binder  for  granulated  white  phosphorus. 


Thlokol  If-* 

At  the  sugf-eetlon  of  the  Thlokol  Corporation,  the  setting  of  their 
1  y»r  Thlokol  LP-2  with  f urfur*  1  end  formio  acid  was  modified  by 
.,1  -ion  of  "shaln-etoppere,"  suoh  at  swrcaptoethenol.  In  the  presence 

of  chain-stoppers,  the  polymr  sets  to  a  somewhat  taoky,  rubbery  mass  that 


is  noticeably  les3  ligid  than  tbs  solid  to  which  trio  polymer  s.-tu  in  the 
e.b.oanc-J  of  chain-stoppers.  Thiokol  Li?-2,  with  incorporations  of  mercap- 
toociAioi,  has  bean  used  as  a  binder  for  phosphorus  fillings,  but  the 
fJ.llin.53  ha /e  not  bten  subjected  tc  firing,  tosto- 


hlndera  Containing  /'lama  Retardants 

Filling  .in  which  tho  birder  was  Duralon  or  Thiokol  ip-2  were 
Modified  by  tho  inc  >rp  oration  of  15  par  cent  of  ammonium  oxalate  into  tho 
binder,  ths  objective  being  to  retard  the  rate  of  combustion.  The  ammonium 
oxalate  had  little  effect  on  the  performance  of  tne  fillings. 


TELLINGS  CONTAINING  RED  PHOSPHORUS 


la  August  1944,  TVA  filled  forty  4. 2-inch  CU  shells  with  a 
mix  turn  of  approximately  SO  per  oent  red  -nd  60  per  oent  white  phosphorus 
end  returned  thorn  hr  Ed  go  wo  00  Arsenal  fui  firing  taste,  A  Report  of  Test, 
dated  at  Edgewood  Arsenal  on  Cotober  o,  1944,  indicates  that  the  shells 
performed  satiafaoturily  and  oonparef  fUvcvably  with  IWP-fillod  shells. 

Work  at  E<  gewood  Arsenal  on  the  preparation  of  red  phosphorus 
fillings  for  munitX'-ns  is  reported  in  XDMR  No.  793,  January  6,  1944.  Some 
work  wa3  done  on  the  oonversion  of  white  to  red  phosphoric  in  giasB  tubes 
at  temperatures  bo>.w  the  boiling  point  of  white  phosphorus  (280*  C.;, 
but  tho  results  were.  eoa»?diat  erratio  and  otd  not  appear  promising.  The 
Arsecal  also  converted  white  phosphorus  to  red  phosphorus  in  soaled  shells. 
Although  tho  operation  is  senswhat  hazardous,  no  difficulties  in  the  pre¬ 
paration  wtre  reported.  The  shells  are  said  to  hare  performed  very  well 
in  firing  toets. 

The  experJenoo  of  tho  Arsenal  with  fillings  containing  red  phos¬ 
phorus  and  the  exparienoe  of  TVA  in  the  conversion  of  white  phosphor  1.1  to 
red  phosphorus  appeared  to  warrant  further  exploration,  of  red  phosphorus  as 
a  component  of  phosphorus  fillings  for  Durations. 


Fo**n>«t i op  of  Rod  Phosphorus  at  Atmospheric  Pressure 

r/A  research  on  the  conversion  cf  liquid  white  phosphorus  to  red 
p/ic.  .•  .a  has  shown  that  as  tho  proportion  of  red  phoephorus  increases  the 
mix  tiro  remains  fluid  at  the  melting  point  of  whits  phosphorus  until  the 
red  phoephorus  oorjrtitutes  between  -35  and  60  per  oent  of  the  mixture. 
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Jit  so***  oritloal  composition,  which  varies  for  reasons  unknown,  the  mixture 
3clidi 'ioa  at  C.  uni  carnot  be  molted  at  toiipore.tureu  bo  low  the  melting 
point  of  rod  phosphorus,  590‘  C.  at  43  atmospheres. 

A.  6 -a our  heat  of  liquid  white  phosphorus  at  280'"'  C.  converts  an 
average  of  about  40  per  cer.t  of  the  phosphorus  to  the  red  form.  In  a  oon- 
tiuuou  operation  assigned  to  produce  fluid  mixtures  of  rod  and  white  phos¬ 
phor  js  far  charging  into  munitions ,  fcnis  tire  of  reaction  is  not  necessarily 
excess : .  vo.  Any  mixture  of  red  and  white  phosphorus  fluid  enough  to  bi> 
charge;;  into  a  munition  probably  would  bo  unstable  physically  in  -insert 
storage.  ouoli  fluid  mixture g  might  be  used  to  advantage,  however,  in  a 
method  involving  further  cun  version  to  rad  phosphorus  in  the  munition. 

Iodine  and  sulfur  catalyse  the  scnvcrsiun  uf  liquid  v/hito  phos¬ 
phorus  to  solid  rod  phosphorus.  Laboratory  experiments,  in  glao3,  showed 
that  white  phosphorus  oontainirg  2  per  oont  sulfur,  on  boiling  for  4.5, 

5.6,  oi.d  6.5  hour 3,  v/as  converted  to  mixtures  containing  57,  53,  and  59 
par  cent,  respectively,  of  red  phosphorus.  All  tiu-oe  preparations  rsmained 
solid,  without  coparation  of  white  phosphorus,  in  boiling  water.  .Several 
JJ15  gjt  nadaa  wore  charged  vith  white  phosphorus  containing  Z  per  cent 
sulfur  and  hea  .ed  under  reflux  oondensers  at  280°  0.  for  1,  2,  3,  4,  and 
C  hours.  The  gronados  that  had  been  heated  for  6  hours  contained  a 
therma.ly  stable  filling;  all  the  other  fillings  bohaved  as  fluids  at 
65°  0. 


Format;  on  cf  R.  d  Phosphorus  in  Sealed  Grenades 

Crenuaoa  v/ore  oharged  with  about  370  grans  of  white  phosphorus 
o onto i -.  in;;  2  por  cent  sulfur,  The  burster-well  threads  woro  doped  with 
.■'.quads;;,  iu»  aq-nour.  suspension  of  oolioiJe.l  graphite,  ari  the  well  was 
ocrowoc  i)rto  place.  The  olcsure  v/as  quite  effective}  only  a  few  grenades 
loakua  in  subsequent  operations.  A  36-inoh  length  of  l/4-inoh  pipe  was 
attached  to  the  top  of  the  burster  well  as  a  reuse  of  supoort  for  the 
grenade.  A  tnrrmooouplc  was  passed  through  the  pipe  to  t:ie  bottom  of  the 
bursts;  m<il.  Tho  grenades  were  hasted  singly  in  a  vertioal  tube  furuaoa 
behind  a  barricade.  Provision  was  made  for  raising  or  loro  ring  the  grenade 
through  tho  furnace  tube  by  remote  control. 

fha  gronedoe  v/ero  nested  at  the  rate  of  3°  to  5*  C.  per  minute. 

*  temperature  registered  by  the  thermocouple  in  the  burster  well 
•<bout  .ISO0  C.,  the  exothermic  cr  .version  Voaotion  took  control  and 
.iw  tem.xirauuie  to  about  560°  C.  in  from  2  to  5  minutes.  In  eub- 
ao  runs,  e  bucket  of  water  was  placed  unier  tho  furaioe,  and  when  the 
tmwrc tore  in  Ji\e  grerade  began  to  rise  abruptly,  the  grenade  was  lowered 


in-bo  010  v.x.ter.  The  quenching  reduced  the  maximum  temperature  to  about 
540"  i;.  In  one  run,  tho  grenade  jammed  in  its  downward  passage  from  the 
fur ££.00  tube  e.ri  was  lifted  above  the  furrace.  Tho  temperature  rose  to 
562*  V. . ,  and  tho  grese.de  oxrioded.  Tho  body  of  the  grenade  separated 
from  tie  top  at  the  silver- .soldered  joint. 

The  grenades  in  'ditch  tho  red  phosphorus  conversion  was  effected 
under  sresuure  -.sure  bulged  at  the  button.  Fron  iMtsurements  of  the  de¬ 
flection  of  the  bottoms  o.’  three  grenades  that  had  not  beon  quenched  during 
t’;io  conversion,  it  var.  calculated,  from  formulae  developed  for  oylindricol 
ve c so l:s  with  flat  ends,  that  the  maximum  pressure  in  the  grenades  was  cf  tho 
order  of  300  to  5 CO  pi.uui s  per  square  inch.  The  vapor  pressure  of  white 
phosphorus,  as  shown  in  Figure  3,  is  between  500  and  600  pounds  per  square 
.Inch  at  the  maximum  temperature  of  about  560°  C.  recorded  during  the  con¬ 
version. 

• 

The  avails  bio  thermal  data  on  rod  and  white  phosphorus  are 
inadeq je.t:>  for  close  approximation  of  the  saximum  tompere.ture  that  would 
be  re&jhei  in  tee  conversion  cf  a  large  amount  of  white  phosphorus  to  red 
phosphorus  in  a  olotec  container.  Tho  heat  of  tho  exothermic  oonversion 
Is  abort  I6,0CC  calories  per  mole  of  P*.  iYhen  the  grenades  were  quenched 
during  t.ho  conversion,  the  ltf.ximum  temperature  was  about  540*  C.  When  the 
grenades  wore  not  qua  no  tied  out  remained  in  the  furnace,  rhioh  praaumably 
had  au  effective  temperature  of  about  500*  C.,  the  maximum  tempo rature 
was  about  560“  ).  Henoe,  it  my  bo  assumed  that  if  no  heat  were  lost  fron 
tho  grenade  during  the  conversion,  the  maximum  temperature  probably  would 
not  orcoooi  560*  C,  This  temperature,  and  the  corresponding  vapor  pressure 
of  whine  phoephtrua,  600  pounds  per  square  inch,  are  the  probable  limits 
to  which  a  closed  container  would  be  subjected  in  tho  conversion  of  white 
to  red  phosphorus. 

Since  red  phosphor’is  melts  at  590*  C.  under  a  pressure  of  43 
atmoap  lorao  (630  pounds  per  sqi»re  inch),  the  heat  of  fusion  of  the  red 
pho6phyus,  esti-.iatcd  to  be  ubout  16,000  calories  per  mole  of  P4,  would 
absorb  all  the  toat  of  transform tion  of  whito  to  rod  phosphorus,  thus 
setthi,;  510*  C.  as  the  apparent  maximum  temperature  that  possibly  could 
bo  ob;iin«i  in  the  converoiojj  of  white  to  red  phosphorus  in  a  closed  vessel 
initially  hotted  to  any  temperature  below  t90'  C. 

To  test  tho  effect  of  various  umounte  of  sulfur  in  the  catalysin 
ihosphorin  conversion,  grem.des  were  filled  with  ?70  grams  of  whito 
•us  containing  C,  1,  i.ai  2  per  r^nt  sulfur.  In  grenades  containing 
.  ..r,  the  rapid  conversion  bo.-^uj  at  320*  to  3o0*  C.,  and  tho  maximum 
t  imperaturo  reached  in  tho  quenched  grenades  was  563*  C.  Hath  1  per  cent 
sulfur  In  tho  phoaphorus,  t.-ie  rapid  conversion  began  at  iilO*  to  290®  C. 
when  bio  ,;;ror.ade  was  placed  .'.a  a  cold  fur  ■-* ce  and  heated,  and  at  tempera¬ 
tures  betwoor  200*  and  280*  0.  watm  the  grenade  war.  plactd  in  a  warm 
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(about  150®  to  SCO®  C.}  furnace  and  boa  tod;  the  maximum  tempo  rar.uro  in  the 
queue''. 3d  grenades  varied  from  494®  to  544®  C.  tfitn  2  per  oarrfc  sulfur,  the 
rapid  conversion  started  at  temper itures  between  170®  ona  29C®  0.,  and  the 
nnxrtua  tempo  re.tnrs  La  tho  quenched  grenades  varied  between  530°  and 
550“  C.  Opr;  rc.c  i on  go* rally  vrau;  smoothest  with  i  per  cent  sulfur,  and  this 
amount  of  CEtalyot  is  rooontuixic.d  for  tho  conversion.  Tits  sulfur  is  added 
conveniently  in  tho  form  of  the  liquid  phosphorus-sulfur  eutectic  containing 
30  per  cent  phosphorus  and  20  j»r  cant  sulfur. 

Ort  granad.o  in  which  rod  phosphorus  was" prepared  iron  vhita  phos¬ 
phorus  containing  no  sulfur  and  onu  in  which  the  charge  contained  1 
per  cent  sulfur  -vero  out  oien.  Doth  products  were  brick-red,  missive 
solids  that  marly  filled  tho  grerades.  The  produot  of  tho  catalyzed  con¬ 
version  contained  aovo  very  small  occluded  drops  of  what  appeared  to  be  the 
liquid  phosphjw s-sulfur  eutectic.  Portions  of  each  of  the  products  were 
crushed,  with  considerable  difficulty,  in  a  porcelain  mortar  under  water 
and  wall  be  a.jaiyzed  to  determine  the  proportions  of  red  and  white  phos¬ 
phor 'a  . 

* 

In  three  of  the  conversion  expo r insults ,  quenching  of  the  grenade 
halted  tho  rapid  conversion  that  apparently  had  boon  started.  Subsequent, 
heating  of  e&oh  of  the  throe  grenades  resulted  in  normal  rapid  c inversion 
with  :he  attainment  of  normal  maximum  temperatures.  In  tho  absence  of 
cooling  coils  within  the  phosphorus  nass,  oontnol  of  the  extent  of  con¬ 
version  by  quenching  therefore  appears  to  be  practically  impossible.  The 
red  phosphorus  prepared  by  this  method  ignires  readily  and  burns  freely 
when  -the  munition  in  burst  by  an  exploder,  however,  and  there  is  no 
apparent  reason  for  attempting  to  oontrol  the  amount  of  conversion. 

Because  of  the  uncertainty  that  the  conversion  actually  has 
started  when  a  temperature  of  say,  290°  f..,  is  reaohed,  tho  in-plaoe 
method  of  forming  ret',  phosphorus  in  fillings  for  munitions  would  involve 
certain  difficulties  in  large-scale  production.  If  tho  munition  could 
with  sertainty  withstand  an  internal  pressure  of  600  pounds  per  square 
inch  at  600®  C.,  it  oculd  be  filled  with  white  phosphorus  and  carried  on 
a  oouAjycr  belt  throng  sn  oven  maintained  at  soiro  temperature,  eay 
320°  0.,  it  which  the.  rapid  conversion  is  oortair  to  bo  initiated. 
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It  :c  reported  in  1DUJ.  Ho.  763  that  the  rapid  conversion  was 
initit. tod  in  4.i-.inch  C it  shells  that  ware  allowed  to  romain  in  ovens 
hsacsd  to  temperatures  between  224"  and  £66 *  0.  luitil  conversion  v;ao 
complete,  but  the  length  of  vino  required  at  any  of  these  tempe-aturos 
it  not  stated.  Tho  preparation  of  a  fluid  mixture  of  roughly  40  p-r  cent 
red  and  60  por  sent  w>iite  pHcs phonic  mi^it  be  feasible  in  equipment 
similar  to  that  in  t..e  CVA  pilot  plant  for  oomrarsion  of  liquid  white  phos- 
pho.'t.'H  to  rod  phosphorus.  Sholl3  filled  v/itn  such  a  mixture  might  be 
toalod  and  heated  to  complete  the  conversion.  The  use  of  suoh  mixtures 
probably  would  reduce  materially  the  tamper  a  tore  ard  attendant  pressure 
genoraced  in  the  rapid  conversion. 


THSdtiVL  STABILITY  id  STS 


Filled  1115  grenades  wore  testod  for  thermal  stability  by 
w.lnin.Lnlng  at  Ob*  C.  for  0  hows,  v.hilo  lying  on  their  side.;,  and 
subsequently  cooling  thorn  in  tlw  same  position.  The  unbalance  caused  by 
the  shift  in  t  io  position  of  the  filling  wa a  measured  on  grenades  con¬ 
taining  certain  plastcr-of -peris,  Duralon,  and  red  phosphorus  fillings 
to  yield  the  roiulte  listed  in  Tcb.le  II. 

The  piaster-of-paris  fillings  appear  to  be  consistently  stable, 
regardless  of  the  amount  of  water  used  in  the  prepiration  of  the  plaster. 
Grenades  aontaiuing  red  phouphoruc,  formed  in  place  by  conversion  of 
white  phosphorus ,  appersntly  are  unaffeotod  by  oxpeaure  to  any  temperatures 
at  shiah  munitions  might  be  stored.  The  nnrced  thsrr.al  instability  of  the 
Duralon  filling  in  the  pronent  series  my  perhaps  be  attributed  to 
insufficient  aqing  of  the  fillings  before  the  teste  were  made,  or  to  the 
use  cf  an  insufficient  amount  of  binder,  although  it  was  thought  that 
euojprh  binder  waa  al.vcys  usod  to  ensure  a  small  amount  of  liquid  resin 
standing  on  top  of  the  mas  of  phosphorus  granules  when  the  filling  was 
placed  in  tho  :_;ronar.o. 
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TABU,  II 

he rrfc  1  Stabil It/  Testa  of  Phosphorus  Fillings  In  1&5  Grenades 
^ Grenades  heated  3  hours  at  66*  C.) 


rit.,  f.  Shiit  of  co  a  tor  of 

Age,  Pill-  Gre-  .ft.  to 
Filling  days  inc  nade  Lelanco . 


Piaster  of  paric  with  185  greens  of  stirrer-granulated  phosphorus 


n 


C3A 

lafiter  1C);  we. tar 

50,' 

6 

337 

684 

5 

0.22 

0.45 

C3C 

J 

6 

359 

721 

7 

0.29 

0.59 

C4A 

jplastor  100;  water 

60 ; 

5 

349 

691 

7 

0.30 

0.60 

C4C 

5 

351 

694 

3 

0.13 

0.26 

C5D 

Plaster  100;  water 

100 

5 

310 

060 

10 

0.46 

0.97 

Rad 

phosphorus  contorted 

in 

sealed 

grenades 

RIB 

I.'ot  quenched 

1 

292 

630 

2 

0.10 

0.21 

R2R 

Quenched 

X 

374 

717 

0 

nil 

nil 

Rad 

phosphorus  converted 

at 

atmosp) 

»erio  i 

pressure 

R3D 

Heated  1  hour 

1 

381 

761 

57 

2.3 

4.6 

R3U 

heated  2  hours 

4 

374 

774 

61 

2.3 

4.7 

R3C 

Heated  3  hour* 

4 

383 

772 

26 

1.1 

2.2 

R3L 

Heated  4  hours 

1 

375 

745 

31 

1.3 

2.5 

R3/ 

Heated  6  hours 

S 

374 

761 

nil 

nil 

nil 

Dura Ion 

K5C 

jotirrer-graa  nnd  i 

4 

316 

C64 

36 

1.6 

3.3 

t***  f 

(.it  ».».  JO  f 

l  •  V  Sit  •<»  t 

14 

317 

664 

37 

1.7 

3.5 

L4ii 

Stirrer-gran.  >P 

4 

258 

002 

34 

1.7 

4.0 

K4C 

ttlrrer-gran.  HP 

14 

275 

398 

30 

1.6 

3.3 

'  - a h  rip 

6 

236 

634 

26 

1.2 

2.6 

A  -mo  oh  ><P 

14 

299 

644 

36 

1.6 

3.8 

-4  ♦8-neah  «tP 

4 

281 

623 

47 

S'. 3 

6.0 

iiioii 

- 4  j  i  ..T 

14 

287 

635 

62 

2.6 

5.4 

! 


y iHi.'l-'f  bob:0. 


t.-v.'to  to  do  vise  r.  standard ,  cbjcctirs  method  of  test 
>f  -  -is;. horns  iiiii'.g;,  c  in ’.uat-1  or.  of  fcho  perferisancc  of  suafe  fillings  .  . 

rota'  :c  cubst:  r  ..i&l  y  sob juutlvs  yroccrH'-e,  the  rales  cf  which  datR’*ias 
iMgi-j  upon  tiifc  OX;  e-.v*3ca  of  tfco  observo-.  "inco  the  tea  to  are  outdoors, 
tilt.-  parent  i  or.. a  loe  is  iiffucto'*  i.*rkodly  by  tte  pi-ovfiiliug  atr.Osphoric 

ci:.i  .lions . 

1’he  p  rpc.-.i?  fro  prose ;-t  cjcpsi'.'-.  mental  work  if  to  develop  phosphorus 
f lill'.£3  that  will  j sr. 'ora  o4titf.ov.oi  i.ly  in  Munitions  :uc:'i  ns  ’.he  4.2-inoh 
at  it. I),,  whit  i-  wit  a  '■i..i,c;.ty  ;f  about  3  pounds  of  missive  v.-hito  phosphorus. 
VHis  munition  '  .s  su-  pored  to  pr  -duot,  in  ivindc  moving  at  10  or  rr.c.ra  miles  por 
hour,  an  cpuiu.v  ace.  u  !  t. too  --.  20  f . ;- 1  high  ar.-l  100  yards  long  that  persists  for 
at  In  ist  60  ec  c-  nd-i.  '-’o  vo  itorvc  tiuo  and  material,  hw>x»r,  the  MIS  grenade 
iiu.-;  ■  icr.  se looted  a.  i't  tout  muni feion. 

Jhe  ./ooa-.'ti  '«.*  e  capacity  of  0.')  pound  of  aasties  white  phosphorus, 
lia  actory  i-erfornu  lou  of  a  p.-.otnlicr un  filling  ia  the  tlrena<Jo  hue  beer,  defined 
tor  t.i  -  ively  ai,  i):o  '.r .()  Cut-nice  1.  Center  so  the  yield  of  an  opaque  screen  about 
15  i’K.t  high  t.r-j  J.C  yards  long  that  persists  for  20  seconds.  In  firing  testa 
of  in?  Munition-; ,  tie  obsc-r-'or  S  z  ststicr.-nl  about  .’CO  yard  a  fr cm  tne  ourBt  of 
thj  ! .  2-inch  ,«■!>•;  11  -,r  .-d)  tc  .'30  yuria  from  ;ho  burnt  of  the  rrer.aje ;  the  line  _ 
be-'.-.;..- ni  tea  o' .n-i  ver  .vs;  the  burnt  j-.ro fora  sly  is  normal  to  the  direction  of 
b'n:  '/in.-'.. 

fredirlio:-  «•’  olio  porf or. ir-nco  cf  a  given  phornhoruu  filling  in  a 
until  on  or.j  bscic  r-f  the  forforiair.ee  of  v.a  it.m  fillia...  in  a  grenade  is 
■jOi.,plic;itod  by  -or*:;  nl  fautora.  much  l>.;gor  proportion  of  the  filling  la 
eons  i  oil  j.a  thr.  :ur..t  of  the  grenaio  than  is  consuriBd  in  the  burst  of  the 
sh*-  tl,  hor.ee  i.i  •  sc-ei.i  gor, rated  by  the  j lettered  iVaf;.ainta  from  the  shell 
ia  (•■.•Jet; voiy  .wo  j«-;«  ami  ’.arts  1  '-rigor  dwa  the  sorea'i  from  the  grenade . 

Fuj’t .  .rmoro .  fri  (ere.  to  I'l-on  n  grensjt  may  :r educe  strerait-ra  of  emcke  tliat  do 
no-  ' ; rn  ar.  oh.-  curing  .orocn,  bat  i;  nf-uon  appears  that  i.  proportionately  larger 
nc’c-'i  of  sli-.i i  j-  IVarMontn  free  a  shell  might  produce  »  very  satisfactory 
ssrvjr. .  !' no  !  a  perforu  boss  in  v.i  v'.s  mcri  ig  at  vc-loaitlwi  of  1C  or  moru  .r.Ilet-- 

i.sr  .'-’.a*,  when  the  t;  xioccy  of  t.i*-  smoke  reiiaratud  by  the  burning  fiuosphorus 
to  r . : <•  .'.-id  <1..^  ipato.  -nti/  jhu  air  ovt  -oa lanced  by  the  vlnd  v.rieh  Itolds  it 
do-.-;  i.  ti.a  t-j- .rd .  -t  lo»  »r  w.-.r.i  vo  !o<  itloa,  tho  screen  »*y  lx:  hroiocn  by 
tr>'-  i  •./>}>•  rising  of’’  ‘ho  gr  Jund . 


Cr-'.nndcs.  cv«  tho  o-hci  hand,  parforia  css'c  in  winds  moving  ufc 
vsiy-itiaa  be  try  eon  usd  '  -rJio.  psr  hour;  at  low-.r  velocities  toe  variable 
offast  of  tho  prevailing  ttwonpharic  conditions  on  tho  ro-.te  of  rio®  and 
dissipation  of  tho  t.ttok®  tab's  difficult  a  dotcranoation  of  tho  ability  of 
the  3catt®rad  iYagnwnbs  of  the  filling  to  maintain  a  screening  smoke.  At 
wind  velocities  greater  tl  an  4  r.ii I03  par  hour,  the  snobs  produced  in  the 
burst  of  grenades  tend.?  ti  move  downwind  in  a  body,  and  the  smoke  generated 
by  tie  burning  frugcaats  is  insufficient  to  produce  a  co.itinuouF  screen  between 
the  initial  cloud  and  the  site  of  the  burst. 

An  examination  cf  photographs  of  smokes  produced  by  e.vporiinental 
fillings  in  grenade 3  shews  that  the  fragments  scattered  in  tho  burst  of  this 
munition  turn  fast  enough  to  sustain  an  obscuring  screen  ir.  winds  moving  not 
factor  than  3  idles  per  hn-.r.  in  fact,  a  wind  velocity  of  3  miles  par  hour 
is  looked  upon  as  a  naxiBr.®.  Tho  average  sustaining  velocity  of  the  smokes 
ratal  as  good  In  the  present  report  was  1.4  aiiles  j.er  hour. 

To  take)  advantage  of  soraav/hat  uniform  weather  conditions,  tho  firing 
tests  v.ere  made  botwoen  5:30  aid  7i30  A.  M.  Ho  correlation  was  apparent 
be f *  ion  tho  ground-air  temperature  gradient  and  performance  of  tho  fillings. 
Good  screens  ware  octainec  v/i.en  the  air  was  2"  F.  warroor  than  tho  ground  as 
well  ae  when  tho  ground  wet  0"  war»r  than  the  air.  The  teats  wore 
discontinued  whon  too  avetage  wind  velocity  increased  to  about  d  milos  per 
hour.  As  the  wind  icked  up,  however,  it  cans  in  gust3,  and  a  low  grenades 
were  fired  in  vinos  as  fact  as  7  milos  por  hour. 

Tho  porfernrnuce  of  the  experimental  fillings  in  the  present  report 
was  astunad  to  be  good  when  the  burst  produced  an  obsouring  screen  at  least  10 
yards  wide  that  persisted  for  at  least  20  seconds,  killings  that  gave  screen¬ 
ing  « moke «  t!vic  persisted  l'cr  11  to  IS  seconds  were  rated  ts  fair,  and  those 
that  gave  screening  smokei-  that  persisted  loss  than  11  aooondo  •"ere  rated  a« 
poor. 

it  was  imjraott  ml  to  set  up  a  target  downwind  from  tho  bursts, 
because  in  rolativeiy  still  air  the  screen  might  never  cover  tho  target,  and 
in  fast,  winds  the  tot  curing  screen  would  drift  past  tho  target  muoh  faster 
that  the  screen  was  dissi.Kited ,  Thus,  in  still  air  the  screen  obscured  a 
targe;  directly  behind  tho  burst,  in  winds  faster  than  4  milos  per  hour  the 
ecreon  was  ass  mod  tc  obscure  t.  moving  target,  and  only  in  wind?  between  2 
cut  4  milts  p>r  hoy  could  an  t  /aiuatiou  be  made  on  a  basis  comparable  to  that 
usoc  la  the  evaluation  of  screens  from  4.2-incb  CM  shells.  Only  about  50 

t  of  these  grenade. 1  rate  1  ns  good  wero  fired  in  winds  having  velocities 
ctimuT  ran,:?.  1 


\i-.u  o rui-j r.-h  of  i!::t".ve  ■•■hat.  cun  bo  produced  'ey  phoephrrua  tilling 
ob'r.  ••..sly  is  dire©  ,ly  ;r  op  imial  -co  vie  arenas  ~f  costbuEtibhu  phosphorus 
ini*',  tatty  present  -n  the  filling.  The  u.noui;t  of  uaoi'ul  sacla  ia  a  function  als 
of  -i.V.a  size  ard  rate  -f  burning  of  the  xVegnonts  of  tho  filling  that  are 
set. utered  in  the  bur:;'-,  i  rd  those  character: sties,  in  him,  are  affected  by  the 
parvin'.fc  size  of  the  granulated  phosphorus  of  which  the  filling  ia  ccwj-'jae  J. . 

figure  ?.  shows  that  Mar. .one  mixtures  of  different  sites  of  granules 
of  yhospheru.-.  ray  he  used  to  o  :t;»iu  a  given  percoutago  of  Tcid3,  so  that  the 
.'iam  Weight  of  phospVrus  ''&'j  ■«  charged  into  a  given  srace  with  either  of 
soM.ra.l  f  .ssiblj  -.nixturoi.  Several  fillings  counoeed  of  nixturas  of  various 
prcporsioiw  of  different  sizes  of  phosphorus  rraaules  were  prepared  with  pla3te 
oi  varis  and  v.ith  Curaloi.  Co  tost  the  effect  of  particle  3izo  cf‘  the  granulated 
phoopnorus  or:  hho  peri  on^.nov  of  the  filljungo.  The  res  "its,  v.’hioh  are  lisfcad 
in  Valre  III,  indicate  vi.-'.t  the  finer  particle  sines  give  bettor  performance 
than  the  coarser  sites;  thi  good  performance  of  the  relatively  rj.nall.  weight  of 
the  vary  fine,  stirror-graiiulatud  phosphorus  when  used  alone  is  particularly 
notu'vort'.y. 

TA.'i'Jl  Hi 

effect  of  Pert ic  1©  fire  of  Granulated  .Jhite  Phosphorus  on 
rerfor.Tancc  of  fxpori  s»  nta  l  t  llllr.ga 
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Fillings  ;vcr-  prepared  by  incorporation  oi'  ouleated  mixture  (.  of 
varicuc  particle  si:er  of  granulated  phosphorus  1  '.to  different  oindsrs. 

TaMo  iV  shouc  the  results  of  firing  tacts  of  these  fillings .  ihe  Duralon 
fillings  appeared  to  ;.i,-6  one  lust  perfor.ur.ca  in  tests  at  i/ilaen  Par. ,  and 
the  plaster-of -parts  fillings  v.oro  rathe  •  disappoint  in-;  in  view  of  their 
very  promising  psrfor.rr.nco  in  prokious  tests,  lir.  suits  limited  and 
inconclusive  firing  tests  of  some  of  these  enperimante)  filling!-.  at  the 
Arrry  Cr.emical  Center  on  October  3d,  1S47,  a  .date  thcrtly  aftar  the  period 
covered  in  detail  by  Inc  present  report,  pit  r.tor  of  pnrij,  phenolic  canting 
res’r.a,  and  Thioicol  llJ~2  appear  id  to  form  filling*  with  -rnnalatad  phosphorus 
that  per  fence.’  cell  in  -roneder,  oaorrae  the  pts  rf  vrr.iii.co  c**  Jieralon  fillings 
was  relatively  poor.' 

Grcrados  filled  with  racsivu  y Kite  p.iosrhorut  wore  uacil  as  controls 
in  tho  firing  tests  .  Of  thtro  grenades,  dO  per  cent  wore  good  s .id  40  por 
cent  w. -e  fair. 

1  lustlcli.oc  .'i.lto  bhoaphoruo  (hdp):  On>  ol’  tho  *.ost  disturbing 
phor.omem  encountered  in  the  evaluation  of  cxperlrontul  phosphorus  fillings 
in  grenades  is  the  ccjsistortly  poor  performance  of  FtfF  in  firing  tests  fct 
■Vilfon  Dara.  the  material  performs  wo  11  in  shells,  arid  is  reported  to  porform 
satisfactorily  in  grenades  in  tacts  at  the  Army  Chemical  Cantor. 

A  setuplb  of  }VP,  received  Iron  tho  Army  Chemical  Center  and  allowed 
to  ccand  for  two  months  under  voiter  in  the  original  cortsino »,  had  a  specific 
gravity  of  1.362.  Assuming  that  the  cpccifio  gravity  of  the  xyi.>ne-rubber 
go)  wee  0.86,  and  that  tho  F.<F  vas  free  of  occluded  *(■ tc r  or  gas,  the  F«ifP 
then  contained  63  per  cant  phorpherus  by  weight.  Four  grenades  wore  filled 
with  281  grama  aaoh  of  the  JVF,  four  viore  filled  v.ith  a  mixture  of  227  grams 
of  the  Fv/p  and  89  grams  of  plus  4-mesh  granulated  phosphorus,  and  four  were 
filled  with  s  mixture  of  106  grams  of  tho  PAP  and  131  grams  of  plus  4-mesh 
gFar.ulatad  phosphorus.  The  total  weight  of  phosphorus  por  grenade  in  the 
threo  series  was  then  191,  £42,  and  267  grar.s,  roapestivoly. 

In  firing  tests  of  tho  grenades  containing  the  P.<T,  all  four 
rrci.ades  oont aiming  }v>p  alcro  were  ratod  as  poor;  three  of  the  four  grenades 
containing  the  smeller  amoort  of  coerce  gruaulr.to<t  phosphorus  w>,-o  rated  ns 
fall,  and  one  was  rated  au  poor;  and  all  four  lyor.udou  containing  the  larger 
awf.cnt  of  coarse  granulated  phosphorus  were  rated  as  fair.  Alth  ough  addition 
•■•le  granulated  tho6 pitoruc  to  IMP  probably  it  not  a  practical  siothoc  of 
.  •  ’g  c  phosnhorut  filling,  the  results  of  tho  finrg  teats  indicate,  at 
.  .  ,  that  the  perfor wince  of  such  f il  ir.gs  is  improved  at:  the  ihosrhoru* 

content  of  the  fillin';  ia  inert. i.r.od , 


bffoct  of  Lin!tr  crx  I'qffomtt co  of  jfxr.-JrVw.- I  •  ?J  lingo 
Hij-H  upon  (iranulfetoo  ■<'•  it?  fhaor-horns 

?Ic.  of  Pei*  cent  of  grunidas  producing 

granndoo  sr.rso.nc  j?  indicatod  parslstence 
ulnler  tested  >1!)  a-cc.  11-10  soc.  O-ltf'soo." 
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Plus  v) r  of-;  ir in  i  Air1  hough  fillings  in  wiia.i  granule t  of 

rhnr.'horuu  ar;  oouonSed  w?  th~pla;  tor  of  porls  imv?  perforat'd  aa  Tiwhnt 
illy  It:  *' iv* i; i>.  toai-c  at  ill  ton  Dan,  those  fillings  are  iii  only 
»  •  nt.'l  TVA  f'. 1  ' '  ngb  j.rop»>.ro(*  wit1  ,-ranulatcd  phorp hciruj  t  ti  t  appear  to 

i  r..»liy  ttibl-  .  lr.  i'.rin^  to  ;ts  at  t  ha  a  ray  Chsr.lcal  Cent  ir,  two  gror.t.doa 

mo  t  vo  *t .  H— i :  r’a  r'.-ollf  :  o-n -ii  r.’.np  true  typo  of  filling  a  il  , nr  formed 
eutl  f/uotoriij .  .on  :.v.  1  to  ’"t  j  ii:i  tjp  1:  hoing  cortiiv.  od. 
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srnc.-ua  in  an  5  p-.;r  o-.-nV  .t-gu-  cus  solution 
cf  .-.a '.or  X  O  '  settr.s.;  the  niu.ter.  Such 


my  Chsu-.oci  Confer,  and  tvo  r.a.-ta-.*  .'.he its  carrying 
yuihc  /.ell.  although  the  polyvinyl  alcohol 
n'.v}.!  t  .'••  wHlng  of  she  piaster  of  pari  ;,  the  single 
tftf.i  raj  ’oi r.  cashed  for  iaere.-i".  stability  appeared 
of  c-o  plrwior-cf-p«.rio  filliugo, 

i.gr. :  hi. i : i;  ,;;  contf.inin  ;  L-irfcion  cuufcjrvj  resin  as 
.  d  v:t  iic  t '  cr j'hCi'' s  p.'.:for-:ed  v.cll  '.u  filing  taste 


binder .  Additional  fillings 


con*  lining  this  birder  rro  *<?  mws  y  table  thori.tilly  than  the  late  at  batches 
of  3'uralon  fillings,  but  they -.ere  markedly  leas  stablo  than  jilaster-of- 
par.;  fillings.  Th iol.o.l  illi.  ge  iiave  performed  :'uirlv  well  in  firing 
com..:  at  .filsor,  Daw  arid  a;  >',ho  &r:%'  Chemical  Cer.cc r. 

Fury  tone  t  -.Uln;-;:  a  1  though  furctore  nfilOtf  vao  set  in  7  days 
at  roon  temperature  t»  .rubbu.-y  solid,  1  ether  hi  e  lao’c  of  oxygen  or  the 
pro  once  of  phrephor i.-:  in  the  ;'il iin.;s  in  which  'hi.  resin  was  tie  binder 
ap-»  .reotly  inhabited  the  :;oh  or  h<v»  resin  so  that  only  t.  weak,  ti.oky  binder 
v»  i  :radii:ed.  The  f  1 ’.1  in.-..',  v.c  c  'narked!/  uoatablo  hhtriiA.lly,  find  significant 
.-ur.Dtt  tJ  of  tho  bin^J  -  wor<«v i  o^h  of  the  yrenadcs  thro;. -h  the  threads  of  the 
fcur  tor  wel  -..  Villla  y.  bound  .-  itii  Pure  tone  person  -cl  fairly  well  in  firinj 
toj  :r  b- it  we.---:  rated  '-s  uni.ti.fao  ;ory  to  anus'  of  tnoi.r  .w.rko-J  tliormal 
in »  s  b:  ..ity. 

H  ir.no  lie  :< :  iln  111  lings :  P'llli.agc  ir  vhic-.h  \r.-.rioi.s  j  ho  no  lie 
siu  --ng  res! Co  W-erT:**ujf.d  'Tc“iT. fieri  for  ■■«.  phesphorue  have  perfor.^ni 

-.'-it'  co’--»  >  r.t.fnl  poorocss  in  firinr  easts  at  lileon  fan,  but  t'-.n  gre.vdos 
thi  were  ct-ir„ed  -it'*  cI.ojj  f?  1 '  i  ag.-i  ar.,1  tested  at  the  Army  C!  e-nir.a.  Center 
per  h.rrvd  q.:„  J 1 .  far  blit  to  c  re  sia  X  oretd  tne finally  stable  ruling.-, 

jfhor  •:»«>. 15  o  resins  fnr.-ed  xm*  table  fillings. 

I  a  uj.-nto-y  ion  1:,  Kil  .in.-.s  ■-  laboratory  iceias  pro  oar>d  fron  uroi 
»:  :  j  rrfuroT  u.-TYro-'  uror  ii'lTTo-  rr  H-sh/ie  have  „.,v.5  -is  :  incur. )  ler 

gn  iilat-.d  p:'.o‘.:.ho”U3  il.  .  fcv.  (riu'iii.  The  i'llling;  orrv  d  X'uirly  -veil 

in  .  <  1 1  ng  test:.,  but  f.o  r  *pid  d  it  int>  ration  of  the  hinders  a  .  die  tc-rperaturo 
of  lie  therw*  1  stability  t-»s+.  i-.ul.-as  dm*:  fil'in;r,  in-atiefect-ry. 


r  •»  ■;  r-.  *v  ,  v3vi'.’ .*. .  1  :»»«.  ia>: cursor •.,tica 

::  s  -V:;  -n'.cr.ir'.  :'.h  c/.  oor>pc:.o,>  it 

i?It  vm \y  ic-  v.-. a.ic  ir.  t  i:  ,;’-.,  r'sia  fiili..g  rs.ri.vd  Ly  iniswed 
tr.c  .  >r  fcnr  :  3.  c  ■*  oi  ilo  ir.  .  ir  hr.  *  .*j.o  cal's  r.ohoi  as  ah 

:  ti,  i  -x  or  iu  ■■:■!■■■  -■  '•  1  -v .  o'  *var mile  r-.  ;u:,  hovuvcr,  .Ith  t/e  result 

th..'  .he  : srv*  riiv-.i  .*<'3  :.vii  *.rd  .v.-iic.  •  •  .v.v.ip-stior.  ji  Sh*  :ifect  of 
at*.  o-  v»  rs«t  .'i  hi -i  f-af  loch  ;a'-iljL  and  Thiokol 
•.;«-*  j'.*ni*«.~  ' j.t  r  *’  ..*  *;;,?.v-  s.\a  hi* .  fi  i  Lin  ~ ;  oound  with 
It.; ,  .r.  -t.d  ,'.v  io  :oi,  r. r/  h  -  •;  th  And  wit:  .••’■.•(,  i.adi  hxent  of  AT-noniu-i  cxalnto, 

wort  ssr-v  '.it  the  a-.’, .id  suit  At.  no  •  uprcs.tr  .*:nt  in  porf  irsrsuca . 

•  v  j  conclude  t«>v.;  o  ,_:jv  \* m'  't  >r  '•*rio  ;  ■r/'rriaiasa  of  fcha  ihoflolic 
rd!. I  i  i.o  v.'r.iiv  .it .t!.s:u.vv  hat  i.csot  «cd jo  '.h  ;  dua  to  ti-.o  wni ification 

rf  ■»  t'l.Ai  i  r.  i  t It. •  •  *(  ra'chor  rhtri  i.i  tVi<  .'Jo ,;tiaiT>osit ion 

of  <  .u  fa's  '.-c.r  i-.ii.-.  or.  *.  ;;«?»  v :  o  ^rrnt.lc  wan  cxplaT.ed. 

r.ei.  r i* c c. • v. r..* .-*.-  fi ii  i jigs .-  t:  ;  rortfir  trolls  that  hn  1  foe  on  filler. 
by  'ib  ir.  )S  J.'x~:ir7>  o‘~  .)  per  ro;.t  wh pboapivvas  an*  60  per  cent 

re«  oiio.rp.ior  >.  ,  orl'orr-«»l  v.-;il  _r.  ir ;  r-f,  to  .a  re  ftt  tl*/  Arr:.y  C.hdidcal  editor 
on  •  at  aU’r  1  ;  If 4 7 . 

two  cronitui  s  in  which  a  io  ti.'ti  of  tho  white  phosphor oa  filling 
h  r.t  teen  corner  led  so  rad  ph.'e.'hcrus  by  hr.iii.-'.g  ;,t.  atnjo.spl.orlo  oreoaure  for 
(5  '  or i  vo re  rated  .'s  only  fair  Is?  firing  un-jfca  at  rilsoa  jJa®.  Those  two 
f i ing«  w ore  » u really  stable,  hove. or,  «.ni  probably  aont.iim.ir  nt  lonat 
of  -r  c.or/r  r.hu3  ir.'inu .  I*,  io  Ixilic-ved  chut  those  fillings  would  have 

.e-  or  it  *i  .ml',  in  ihei’s,  for  >  oth  groiAdos  produced  frfigiwntn  of  filling 

th-*  .  e.'ivtir.j.-i  ftetiv)  cor.tusti<  r  or  x  *;o  •»  vanuhes.  Although  jiaolco  fro.T 

th.*  n  fra,<.*»nt.i  e'e  rot  p  odi.c.  i  obsctr.lag  r.orooa,  it  appeared  tha< ,  had 
th  -  .am  prop  vtimi  n'  t  r'vill  f'S  l  li.vg  too  a  scattered  O’-  fragnenta  of  vho 
it.,  si '.i'f  t..-.o  etc  n  prod  ir*c  ny  tie  m  in  lirgor  .iui.ib«r  of  t’rar.nonta  from 
•*h*  'nr.-'ir  i*.  ;.ir  pc  .ic> )  d  hi  ro  v.du  •«  very  euli  jfuojory  sc  rose. 

Or*>...dc  .'iillr.gr  oor.pri.Aid  Alw.jGh  o.itirely  of  nuosiv>  red  phoa- 
pi  i*ix  the*  br.m  ’'erm.d  in  place  i.i  totiic  l  rr  iuadea  by  c emersion  of 
•will  t  phtspr.ccuc  parCirnad  poorly  in  firia*.  tort)  at  f.  l.lson  e'fti  .  Cm  the 

o hi  i  hand,  ,'n  p,reo»ioa  o outa ’•  n  1  o j  ii.T.iJur  flliiigo  perf">rn*ni  excellently 

Jn  Irlig  tcsji-  nt  Ir.'i  r-n./  f.i-Moi  r  \1  C"r»tr.r.  fhi  poor  pe  rforr,»  n  se  at  ..'ilsoa 
Ouv  v»n  c  :irn o .or  1  icd  >y  the  u  u»tt»riug  of  rolatirely  L.rpi  in  g.nentu  of 
"»*a  ’7J  rod  Ha  t  b.u*ae;'.  well  t  it  profnijei’,  too  littl.  siroVo  to 

mi*  *fl*»  an  ocicuring  «orcjn.  Mod  t.rr«  wn  a  iurgor  mnr.fcor  -  f  trw  ;e 
f.'i  iiiici.,  t*r  prerwiihly  xl  l.r. .  a  ho-T  p’od'iool  in  the  nrplo-  Ion  of  a 
ch  C*  mu  U  .-.ciivalr ing  *./•<■  *ieo  fliiU'i  ,  two  coroen  prcb-bly  wnulii 
.  .of  i.<  tlufaotcry.  , 
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Of  v  .'.‘  js  at  ii  phosphorus  fillings  prepared  and 

fc#sb  -c.  fc;/  VW.,  r  a  *.o.v.  prc^isi'ig  server  to  Is  those  in  trhich  granulated 
i:os  hty  ur.  i::  :.  iUi’d  ordinary  rslt-. fci.y  of  parts,  or  with,  pics  tor  of 

oarl :  to  which  -n  o:  ;.0..»ior.  j:‘  phcsnr.c.nta  in  an  aq  iocus  solution  of  polyvinyl 
iloo -cl  i::  ficio  ns  ti:o  nyirstiiio  r.gg  -.t,  and  those  in  v.hbch  macfive  red 
ptKvj  :hc.f  if  1.  ■•.  or;* -.*d  in  ii.  to*  calcd  Munition  tUrcrgh  conversion  of 

tin  ir  itial  c..«v ,t>  of  ahltv  rhos:  horns,  lHHings  containing  Uuri  Ion  and 
liiio  a:  1  d'-K  f..  hinder  vriii  l-.»  studied  further,  although  the  poor  thermal 
st.ioility  of  t.v-se  r,\-;o  types  of  fillings  sb i-oar.fi ns  their  eventual  elimination 
from  c.cij.'jid'S  t.’  or.. 

Adi  i  S  :  omi WrV  ft  those  filling  ii;  *•«•;,  lob  vf*  iu  iated  phosphorus 
is  csnrntori  by  fluid  lirier j  that  solidify  to  form  rigictly  solid  fillings 
will  include  iuterrlx*.  tion/:  of  the  optimum  amount  of  hr  trier  and  the  optimum 
Mixture  of  the  various  particle  sices  of  granulated  phosphorus,  n?  related 
both  i.e  cue  thermal  3 tahil.it/  of  ti  e  munition  and  to  the  perf orninoe  of  the 
.ouni  ;ier.  in  .  firing  ••.asts. 

The  lateral  shift  of  the  center  of  gravity  of  the  filling  from  tha 
longitudinal  a  si  t,  o'  the  filled  munition  incident  to  storage  of  the  m  uiitioo 
on  Its  side  -rd-  r  d.rrtr-  t  cc.vlit.'.w.js  aopoars  to  give  u  good  inclination  of  the 
thcr  .vl  jvo bility  of  tic  filling.  4  ;tu:d alum-typo  tv. lane#  will  be  constructed 
to  p.sj.  ii;  a  d*.  cur.'ni'.ut  iO.c  of  tho  longitudinal  shift  of  tho  confer  of  gravity 
ao  w .11.  Date  obtui  Jud  with  tir  o  device  will  be  of  value  in  determining 
who t  ;tr  ths  shift  in  center  of  gravity  of  «o  >  nsto.blo  filling  if  due  to  flo.v 
of  p; erphoruu  from  cue  solid  sponge  fcr-iud  by  che  sotting  of  the  binder 
irou.’-n  the  phosphorus  granules  or  to  moverest  of  tho  binder  itself.  The  tests 
will  be  >a*de  e.vpiri.nental  fillings  i.a  both  MIS  grenades  and  glass  container!! 
Sinn  tho  charges  iu  class  containers  will  bo  visible,  they  will  aid  in 
int J.-prctutioc  of  tho  .aeasurasontc  rado  on  grenades.  . 

liia  t  ri orirunoo  of  the  various  rod  phosphorus  fillings  lias  ueen  good 
anou  jii  to  Mvrvit  f artier  investigation  cf  mtheds  for  conversion  of  white  to 
r*  i  ■’vicsrhor";  in  muni  cions .  Among  the  rtai.r  a  of'  tho  problem  that  will  ro  oj  i  ■  a 
the  r.oft  attcrcion  arc  tho  rates  of  convo rsiou  at  vuri'-u*;  temperature,:  acovs 
the  boiling  ;  oi"t  o'  .vnito  phospnorue  (260”  C.)j  the  io  oonvorn  ions  will  h'-ve 
to  t  carried  >at  under  pressures  greater  than  atmospheric  pressure,  hut  net 
in  a  .  entirely  closed  system.  It  is  hoped  that  massive  red  phosphorus  filling!* 
can  jf  pro  car;  1  in  .euled  t.  2-i.v:h  ZV  shells  containing  an  initial  charge  of 

>pivu  A:  . 
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Siws  correlation  of  the  peri ormance  of  fillings,  particularly 
red  pnosphoruu  fillings,  in  Mlo  grenades  with  performance  in  4.2-inch  CJI 
she  1.3  is  no l;  readily  apparent,  it  appears  that  final  teat  of  experimental 
fill:,  age  should  ho  rrrdo  in  shells.  To  that  end,  groups  of  shells  containing 
the  promising  TVA  experimental  fillings  will  bo  prepared  and  submitted  to 
the  ..my  Choucoal  Center  for  storage  and  performance  tests.  hork  in  the 
immediate  future  will  ba  derote i  largely  to  study  of  methods  of  preparation 
and  i l9 termination  of  t normal  stabilities  of  the  various  promising  experimental 
fillings  t.ith  tee  oby-otive  of  charging  the  shells  with  fillings  that 
reasonably  may  he  expected  to  xiva  the  cost  perfor'n&nee  possible  for  each 
type  of  filling. 
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